years under Professor Japp, graduating B.Sc. in 1895. Then, having been awarded a Murray Scholarship, he decided to extend his training as a chemist and to study in a German university. He spent the next two years at Gottingen in the laboratory of Walther Nernst, who was then the rising star in the realm of physical chemistry. In those days, the atmosphere of a German university offered much to an appreciative and well-trained mind, and Philip returned to England in 1897 with his Ph.D. magna cum laude, a widened outlook, an accurate knowledge of the German language and a thesis entitled 'Dielectric properties of liquid mixtures, particularly dilute solutions'. The ionising power of a solvent is the greater, the larger the dielectric constant: this has been called the Nernst-Thomson rule (1894) and was a subject of study in Nernst's laboratory about the time Philip went to Gottingen. Philip extended these studies to mixtures, such as ether and chloroform, benzene and ether, benzene and alcohols, etc., and found that a mixture rule applied depending on the mass of the several dielectrics present. The rule applied to the dilute alcohol solutions but not to more concentrated solutions. There was another Scotsman, Alexander Ogg, at that time in Nernst's laboratory: he showed that the mercurous ion was Hg2, which Nernst thought remarkable.
Philip's interest had never been confined to his scientific studies; at Aberdeen, he had been member, and in some cases president, of various student societies such as the Choral and Orchestral Society, the Debating Society and the Christian Association. Now by his experience in a foreign country, the back ground, against which to make comparison and form a sound judgment, was broadened. It was not only in intellectual ways that he had made the best of his opportunities, for we hear of him at this time with a reputation amongst his fellow students and friends as a fine player of lawn tennis and one whose voice as a singer added much to an evening's entertainment. He kept both of these attainments going to the end of his days, to the enjoyment of his colleagues and of his students.
On his return to England, Philip spent the session 1897-1898 at the Central Technical College, London, as a research student in H. E. Armstrong's laboratory. Soon after it was arranged that he should go to Cambridge to assist C. T. Heycock and F. H. Neville in their researches on alloys. Philip took part in the investigation on the gold-aluminium system, carrying out most of the experimental work and contributing to its interpretation in accordance with phase rule theory, in which his training in Germany had made him well versed.
While engaged in this work at Cambridge, he found time to accept an invita tion from Sir William Tilden to give a course of lectures in physical chemistry at the Royal College of Science at South Kensington. The following year (1900), the year in which he married, Philip was appointed demonstrator and lecturer in chemistry at the Royal College of Science. There can have been little hesita tion in appointing to this post so all-round a young man. A good grounding in the humanities, mathematical ability, research experience, knowledge of languages, athletics, musical talent, a capacity for friendship, and a fine character; what more could be wanted? It was clear too that he was a first-rate teacher. Philip remained from that date to the end of his days on the staff of the college: no college would willingly lose such a man, so long as he was content to serve it. Philip paid much attention to the equipment and organisation of the new physical chemical laboratories, so much so, that no substantial modification of the original layout in the Royal College of Science building has been necessary until quite recently, in spite of a large increase in the number of students which had to be accommodated and in spite of the range of experimental work having been extended.
Besides taking great pains over the instruction given to his students by lecture and in the laboratory, Philip kept research work going and published a number of papers in the Transactions of the Chemical Society. He also wrote about this time several books of a semi-popular kind, Romance of modern chemistry and Achievements of chemical , also a Textbook of physical chemistry: its bearing on b i o l o g y , intended for students of medicine and bio The behaviour of solutions interested him and he possessed a wide knowledge of this branch of physical chemistry, so he was able to pick out problems of importance for further investigation. He compared the influence of non-electro lytes and electrolytes on the solubility of gases in water in order to ascertain in what measure hydration of the solute affected the solubility of the gases. The volume of hydrogen absorbed in a definite quantity of water had been shown to be constant by Knopp in solutions of chloral hydrate up to 30 per cent, but others had found that in solutions of sucrose, the solubility of hydrogen decreased as the solution became more concentrated. Philip found a similar effect for salts of alkalis. The results could be explained in terms of hydration of the solute and the same values for the extent of hydration were obtained, whether they were got from experimental results on absorption of gases or from depression of freezing point or from measurement of the rates of inversion of sugars. This work was followed by other studies in collaboration with A. Bramley on the influence of glycerol, dextrose, sucrose, alkali and ammonium salts on the solvent power of water. By measuring the partition of a solute such as ethyl acetate between two solvents, such as benzene and water, and the effect of sucrose or an alkali salt on the partition, it was shown that the solu bility of a non-electrolyte was affected by the presence of another non-electrolyte and that factors influencing solubility changes were appreciable even when ionic dissociation was not involved.
Another problem tackled by him was the question whether salts with a common ion behaved in a non-aqueous solvent in the same way as in water, viz.: that the dissociation of each salt was such as it would be, if it were present alone at a concentration equal to the sum of the concentrations of the two salts. Philip and Courtman measured the conductivity of solutions of tetraethylammonium iodide and of potassium iodide in various organic solvents such as methyl alcohol, methyl ethyl ketone, acetonitrile, nitromethane, etc. They found that the two salts with a common negative radical yielded a common product of dissociation and that the conductivity observed was much lower than the values calculated on the assumption that the dissociation of the one salt was independent of that of the other. It was found in fact that the behaviour was in this respect similar to the behaviour in aqueous solutions.
Philip also studied the 'salting-out' effect: how the solubility of sparingly soluble acids such as benzoic or salicylic acids were affected by other salts present in solution. Although benzoic was more soluble than salicylic acid in water, salicylic was more soluble than benzoic acid in sodium formate solutions of greater strength than 0-04n. He found that the solubility of the stronger acid was more affected than that of the weaker by the sodium salt. Benzoic, m.nitrobenzoic, o.chlorobenzoic, 3:5-dinitrobenzoic acids, 2:4-dinitrophenol, and salicylic acid were some of the acids investigated in presence of sodium succinate, formate, acetate and monochloroacetate, and, to quote one of the results, he showed that although the solubility of benzoic acid in water was 0.0277n at 25° C. and that of 3:5-dinitrobenzoic acid was 0*0062n, yet in sodium acetate solution greater than OTn, the dinitrobenzoic acid was the more soluble. He proved that these effects were in harmony with the law of mass action and the theory of electrolytic dissociation and applied the Noyes equation to determine the dissociation constant of the weak acid whose sodium salt changed the solubility of the sparingly soluble acid, the dissociation constant of which was known.
Philip and his collaborator A. Bramley studied the reduction of iron in the ferric thiocyanate reaction: it was found that acids retard the reduction when there was excess of thiocyanate and accelerate it when excess of iron was present. It was shown that the carbon was oxidized to carbon dioxide and that ammonia was formed and not hydrocyanic acid as might have been expected. This work was followed by a study of the reduction of copper thiocyanate, which occurs in a similar way giving carbon dioxide, ammonia, urea, etc. Philip also made investi gations of the molecular refraction and dispersion of triazo compounds. Ethyl triazoacetate, triazopropionate, bistriazoacetate, benzylazoimide, etc., had been prepared in D r M. O. Forster's laboratory and Philip measured their molecular refractive power and found that the mean refraction of the triazo group was 8*91. The optical effect was not very different from that of a diazo group but more than three times greater than the effect of a nitrogen atom in its simplest linkings. The value was somewhat affected when the triazo group was attached to a doubly linked carbon atom, as in a 7-bistriazopropylene, just as the refrac tion due to unsaturated links is affected by their contiguity. The dissociation constants of triazoacetic acid, etc., were also measured. Amongst some of his earlier work the fine study of the freezing points of binary mixtures of organic substances which he published with S. H. Smith in 1903 should be mentioned. Evidence of compound formation with amines and phenols, picric acid and phenols was obtained, while some of the freezing point curves, for instance with phenol and urea, were similar to those obtained with the alloy systems on which he had worked with Heycock and Neville.
Philip's talent for administration and organization, which had shown itself in his work not only in the chemistry department but in many other college activities, was becoming recognized elsewhere and in 1913 he was nominated Honorary Secretary of the Chemical Society. For eleven years, including the critical war and post-war period, he rendered great services to chemistry in this post. He was largely responsible for the development of a scheme for the collaboration of the Chemical Society and the Society of Chemical Industry in the publication of abstracts in pure and applied chemistry on a uniform basis; when the Bureau of Chemical Abstracts was formed in 1923, he became its first chairman and guided its fortunes till 1932. He was an excellent chairman, quick of perception, businesslike and courteous. He facilitated the work of the Publication Committee of the Chemical Society by his chairmanship from 1931-1934. Soon after the outbreak of war in 1914, a Royal Society Committee was set up to examine the shortage of drugs, local anaesthetics, etc., and to arrange for their production in the chemical laboratories of universities and colleges. Philip was appointed secretary to the committee and largely through his efforts a satisfactory supply of the required substances was obtained. He also took an active part in the investigations on means of protection against poison gases, which were put in hand in the chemistry department at South Kensington during the war. He found that wood charcoal could be rendered more absorptive than it normally is by long exposure to a high temperature (J. R. Soc. , 6 7 , 126 (1919) ). This and other work elsewhere on the subject led to replace ment of animal charcoal by activated wood charcoal in respirators. In recognition of these wartime services, Philip was awarded the O.B.E. in 1918.
After the war there came a rapidly expanding influx of students to the Imperial College and in the re-establishment of college activities Philip played a leading role. He was secretary of the War Memorial Appeal Fund, chairman of the committee formed to establish an athletic ground for the college at Wembley, secretary and treasurer of the Students' Finance Committee and many other student committees. To glance at the list of his activities for the college and for the chemical profession in the years following the war, one might have pictured him scurrying here and there like the white rabbit in Alice in , but it was not so with Philip. His was a balanced mind with a reserve of memory and mental power and he did not need to scurry, but went from one task to another accomplishing them with sure judgment. He loved to help the young and was ever ready to give wise counsel and a friendly hand. Here is what a student of the college wrote of him: 'Philip's desire to give his best to everybody was well illustrated by the impression he would give to those who sought his advice, of having unlimited time at his disposal, even though he would have to leave his room to hurry off to another appointment the moment that his caller had departed'. Throughout his time he made a point of getting to know every undergraduate in the chemistry department, and for many years it was his custom to invite every third-year student to his house, where Mrs Philip helped him to make them feel at home. He knew each man's previous history, his current interest and his future plans, as well as his record in the department and his scientific attainments. When old students visited the college after years of absence, Philip seldom failed to remember their names and their careers; on the rare occasions when he could not fit a name to a face, he was sure to recall the correct initials to the name! In his early years at the college we hear of Philip as a trifle reticent, even a little stiff, with a substantial beard and a silk hat, but as time went by the beard vanished and the shyness disappeared, as the world around him got to know his real mettle, his charm and his kindliness. What rested in the mind's eye about Philip was his genial kindly expression, his eyes which possessed the light of wisdom, of Scotch wit and good humour, and his sturdiness, reminding one of his unassuming, dependable, upright character. His voice too was attractive, even as it was melodious in song, and he had the power of clear and lucid expression. A character, moulded on the firm basis of Christian belief, and a life spent in the service of his fellow men gave to Philip an unhesitating judgment of right and wrong: he was a man whom young and old felt they could rely on for guidance, and found in him a depth of sympathy and understanding.
It is difficult to measure the full extent of Philip's research work, for much that he initiated, he freely passed on to young men to work at and publish. His work is perhaps more likened to a collection of etudes than a finished symphony; it lay more in the application of a wide knowledge of physical chemistry to the elucidation of specific problems rather than pioneering work in a special field.
After the war he went on with his study on adsorption in charcoal and his researches on solutions. He showed that as the bulk density of the charcoal decreased, so the adsorptive power increased and that the activity was not the effect of the high temperature but of the oxidation which occurred during the heating. The capillaries of the charcoal get opened up by the removal of carbon, but there was also a further effect which might be accounted for by certain parts of the surface of the charcoal becoming specifically more active. He and his collaborator A. B. P. Page found that the adsorptive power of the charcoal did not increase to the same extent when tested with different substances like iodine, or oxalic acid, or methylene blue, but varied with the nature of the adsorbed substance. The separate effect of duration of heating, and of tempera ture were investigated and by carefully controlled experiments, it was possible to show that the activity depended on the total amount of oxygen with which the charcoal had been treated. Later Bell and Philip (1934) showed that the heat of wetting was related rather to the 'retentivity' of the vapour than to the total adsorption and that the former was a surer measure of the area of available surface. The fact that the earlier stages of heating of a charcoal may decrease its adsorptive power was shown to be probably due to the clogging effect of hydrocarbons.
Philip discussed several aspects of adsorption in an interesting review given at a conference at the Institution of Chemical Engineers in 1929. Different equilibrium values are obtained on sorption from those that are got on desorp tion, and many researches have been made to study this hysteresis effect. Lambert and Clark, for instance, found no such effect with benzene adsorbed on silica-gel but a pronounced hysteresis with iron-oxide gel: Allmand obtained hysteresis with water adsorbed on charcoal. Philip compared these and other effects with work carried out in his own laboratory and concluded that 'the problem is not likely to be solved until many more data of high precision, bearing on the reversibility of the adsorption process, have been obtained'. In the same paper he discussed the attempts made to determine the extent of the capillary surface of charcoal and the number of layers of molecules which can be adsorbed on the surfaces; he came to the conclusion that the adsorptive power is 'probably unevenly distributed over the adsorbent surface'.
His investigations continued on solutions. Partition measurements on dilute solutions of phenol in benzene had indicated that the phenol was non-associated, but the cryoscopic measurements required association; this, however, was shown to be due to solid solution in the freezing benzene and only in fairly strong solutions did association to double and triple molecules of phenol occur. One may note that his early work on dielectrics had also indicated this association. Although Walden had gone a long way to clear up the behaviour of non-aqueous solvents, there was room for further accurate measurements to get rid of discrepancies which still remained, Philip and Oakley made careful measure ments of the conductivity of potassium iodide in nitromethane over a wide temperature range, using W ashburn's method to obtain the conductivity at infinite dilution; the degree of dissociation was found to decrease with rise of temperature as in aqueous solutions, while the equivalent conductivity at infinite dilution was proportional to the fluidity as required by theory. Measurements were also made of the conductivity of alkaline bromides and iodides, and of tetraethyl ammonium iodide in benzonitrile which is a suitable non-hygroscopic solvent, interaction between solvent and solute (or solvation) occurs in this solvent as well as in water. The whole of the conductivity-concentration curve for each salt could be described by a dissociation governed by the law of mass action, the mobility of the resulting ions varying with their concentration, owing to the coulomb forces between them, in the manner predicted by the Debye-Hiickel-Onsager theory. Discrepancies were found to be greater in aromatic solvents, such as benzonitrile or 0 . toluonitrile, than in aliphatic solvents, such as ethylcyanoacetate or acetonitrile, indicating a specific effect of the chemical constitution of the solvent molecules. This work was in part done by A. R. M artin in Philip's laboratory. Philip had earlier investigated the solubility of sulphanilic acid and shown that a dihydrate was stable from 0-21°, a mono hydrate up to 40° and above that the anhydrous acid, this study was extended to include the p. brominated aniline sulphonic acids. Supersaturate of p. bromaniline m. sulphonic acid deposit such a felted mass of crystals of metastable hydrates that the mother liquor cannot be separated and the whole beaker containing the saturated solution can be inverted: on standing, stable anhydrous crystals form and sink to the bottom and the felted mass disappears. An interesting study of these metastable hydrates was made and the range within which they were truly metastable, or entirely labile, was determined. The difference in behaviour of the anhydrous acids was attributed to these having an internal salt structure, while the hydrates were 'acid' in form: some what like stannic hydroxides. Other work in this direction included investiga tions by Sandved in Philip's laboratory, of the systems copper acetate-acetic acid and lead acetate-acetic acid, and later Dunn and Philip made a very thorough study of the ternary diagrams of the alkaline-earth salts of monobasic acids, such as formic, acetic and benzene sulphonic acids, and water, using Schreinemaker's method for the determination of the solid phases. There was no tendency to form acid salts with benzene sulphonic acid, and in the case of the other acids, the tendency is greater with barium than with calcium, strontium being intermediate.
Philip's last researches lay in quite another direction. He had noticed that fog particles persisted when air containing phosgene was passed through charcoal and then through an alcoholic solution of sodium hydroxide. This effect was soon found to have nothing to do with the charcoal or directly with the phosgene. Askew, who was working in Philip's laboratory, found that the fog consisted of particles of acid, although they were produced by bubbling the air through an alkaline medium. Philip himself became very interested in this peculiarity and discovered that it was the small traces of ammonia present in the caustic soda which determined the extent of the fog production; it was indeed as delicate a test for small quantities of ammonia as the Nessler test. R. W. Aldis assisted him in some of this work, and it was shown that when no ammonia was present, the fog production was negligible. The formation of particles of ammonium chloride within the gas bubbles is the first and necessary stage in the production of the fog. These particles act as condensation nuclei and droplets of ammonium chloride solution form, which then dissolve hydrogen chloride present in the gas bubbles and the vapour pressure of the droplet is lowered. This involves an increase in size of the droplet by further condensation of water vapour, the extent to which this occurs being determined by the vapour pressure of the caustic soda solution surrounding the bubble. The theory was tested by using various strengths of sodium hydroxide solution and correlating the results with the vapour pressure of the solutions. Although the vapour pressure increases with the reduction in size of the drop, tending to cause it to disappear, there is a compensating effect due to the reduction of vapour pressure by the dissolved substances, so that the droplet is stabilized.
Philip gave the third Hinchley Memorial Lecture of the Institution of Chemical Engineers in 1938 and dealt with this subject of 'Fog and mist from the physico chemical standpoint'. It was an interesting and lucid account of the state of knowledge of 'Chemical fogs': his own work was discussed with characteristic modesty. The disperse particles when they first form are very small (10'6 cm. diameter) and the number per c.c. very great (1010). He made the interesting suggestion that ammonia in the air may play a more important part in the produc tion of fog in the air than has generally been supposed. These were Philip's last studies, but the problems must have attracted him, for they gave scope for the application of his wide knowledge of physical chemistry and for his clear mind to sense the explanation of several perplexing effects.
One must ever remember Philip as a teacher, he was not only exceptionally adept at imparting knowledge and in training his students, but he was a keen educationist. He took great interest in the Science M aster's Association and was its President in 1930. In the address that he then gave on 'School science: its purpose and scope', he declared that 'the value of any system of school education can be assessed by the extent to which it promotes the development of character, culture and citizenship' and that 'the value of any educational course whatsoever is determined by the keenness and personality of the teacher'.
On the retirement of H. B. Baker in 1932, Philip had become Director of the laboratories of inorganic and physical chemistry at the Imperial College. He retired and became Emeritus Professor in 1938, but very soon afterwards he was called back to act as Deputy Rector. He had already served as a member of the Governing Body of the College and of the Senate of the University of London. He had been elected Dean of the Faculty of Science in 1934, and Deputy Vice-Chancellor in 1937. Philip possessed therefore a wealth of experi ence to draw on in his new work as Deputy to Sir Henry Tizard, the Rector of the Imperial College, the major part of whose time was absorbed by his various war duties. In 1939, the Royal Society initiated what eventually became the scientific section of the Central Register in the Ministry of Labour and National Service. Philip became chairman not only of the Chemistry Committee but also of the Industrial Chemistry Committee. He also was appointed Chairman of the University of London Joint Recruiting Board. These duties involved him in an immense amount of detailed work; he interviewed thousands of students, making sure that all had a fair deal and that the needs of the country were served by allocating them to work in which their talents could be used to the best advantage.
He was elected President of the Society of Chemical Industry in 1939 and gave an interesting account in his Presidential Address of the working of the Schedule of Reserved Occupations, of the Central Register and of the Joint Recruiting Board, so far as each affected the chemist in war-time. This address and another that he gave in 1936, as President of the Chemistry Section of the British Association, show how deeply Philip had been interested in the welfare of his fellow chemists and how much he had done on behalf of his profession and of the nation it serves. He was greatly interested in the establishment of the Chemical Council and in so uniting the chemical profession and the industry to support the publications and the libraries essential to them. As he said, 'its formation is the earnest of further moves in the direction of consolidation and unification of the chemical profession, such as the acquisition of adequate central premises and the establishment of a complete register of trained chemists'. Although Philip in the 1936 address speaking for the vast majority of his fellow chemists said 'we dislike intensely the present world-wide prostitu tion of knowledge and skill to destructive ends', and he called on 'scientists to throw their weight into the scale against the tendencies which are dragging science and civilization down and debasing our heritage of intellectual and spiritual values', when the war came in 1939, his clear mind realized the limita tions of science and he wrote 'we are determined, each of us, to contribute in every possible way to the overthrow of the forces which have undermined European civilization' . . . and 'let us recognize the limitations and frustrations of science and admit frankly that it is precisely the resources of chemistry and engineering which are being relentlessly and unscrupulously exploited by the enemy, and which we ourselves are driven to develop with the utmost efficiency if we are to prevail'. He saw the 'real problem, before all civilized nations', as being 'the wise use and distribution of the natural and synthetic products which science has put at our disposal in such abundant measure'. He looked elsewhere than to science for 'adequate interpretation of aesthetic values, moral principles and human personality' and could not find it other than 'on a spiritual basis'. These words were written by him a few days before laying down his life in the service of his country: his broad shoulders, which ever carried more and more weight, at last gave way.
For thirty-six years Philip was an elder of St John's Presbyterian Church, Kensington, and gave much of his spare time to the work of the church. He married Jane, eldest daughter of William Henderson of Aberdeen and sister of a friend from early boyhood who was with him at school and university; they had a son and a daughter. His son, W. Elmslie Philip, graduated in classics and is now Secretary of Education for the county of Devon, at one time having been on the staff at Winchester College. His daughter graduated in chemistry and married a former student of the Imperial College, B. D. Thornley. Philip's married life was one of great happiness, Mrs Philip shared with him his enthusi asm for all just causes, and gave him support and encouragement in all that he undertook. His home was that of a man who practised his faith with sincerity and conviction and through it he gained the power to help others. Joy and a life worth the living were his reward.
Philip was elected to the Royal Society in 1921 and served on Council 1928 Council -1930 . He frequently attended the meetings of the Society and served on many of the Committees.
In 1941 he was elected President of the Chemical Society and thus had the double honour of being President simultaneously of that society and of the Society of Chemical Industry. Another distinction that gave him special pleasure was the honorary LL.D . of Aberdeen University, and shortly before his death he travelled to Aberdeen to attend the degree ceremony.
I am very grateful to D r H. J. Ellingham for his valuable assistance in collect ing much of the information on which this notice is based.
A. C. Egerton
James Charles Philip

L IST OF PUBLISH ED PAPERS
Dielectric properties of liquid mixtures, especially of dilute solutions. Phys. Chem. 24, 18-38 (1897). Freezing point curves for some binary mixtures of organic substances, chiefly phenols and amines.
